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BACKGROUND OF THE INVENTION 
Field of the Invention 



The present invention relates to a photocon- 
ductive type infrared detector using a multiquantum 
well in which semiconductor layers whose band 
gaps are different from each other are alternately 
grown and, more particularly, to a detector which 
responds to far infrared rays whose wavelengths 
are 7 to 12 um. With the advancement of com- 
pound semiconductor epitaxial growth technology 
in recent years, it has become possible to form 
multiquantum wells formed of GaAs type com- 
pound semiconductors, which have excellent cry- 
stal quality and whose structures and compositions 
are controlled satisfactorily. Infrared detectors 
formed from such multiquantum wells and image 
pickup devices with a plurality of infrared detectors 
arranged on a GaAs substrate have been under 
development. 

Description of the Related Art 

An infrared detector formed from a multiquan- 
tum well has been proposed (B. F. Levine et a!., 
Appl. Phys. Lett. Vol.53, No.4, p.296 (July 25. 
1988)). 

As shown in Fig. 1 , the above infrared detector 
has a construction in which are in turn formed a 
contact layer 2-1, approximately 1 um thick, com- 
posed of GaAs having an electron density (n) of n 
= 2x10 18 /cm 3 , a multiquantum well 31 in which 
approximately 50 layers of a barrier layer 3, ap- 
proximately 300A thick, having a composition of 
non-doped Alo.31Gao.69As, and approximately 50 
layers of a well layer 4, approximately 40A thick, 
composed of GaAs having an electron density of n 
= 2x10 18 /cm 3 , are grown, and a contact layer 2-2, 
approximately 0.5 um thick, composed of GaAs 
having an electron density (n) of n = 2x10 18 /cm 3 . 
The upper contact layer 2-2 and the multiquantum 
well 31 are mesa-etched to expose a part of the 
top surface of the lower contact layer 2-1. There- 
after, an electrode 6 made of a layer of an alloy 
(Au-Ge) of gold and germanium is formed on the 
surface of both contact layers 2-1 and 2-2. 

Fig. 2 shows the energy bands of the mul- 
tiquantum well 31. The solid line indicates the 
energy level of the bottom of the conduction band. 
Figs. 2(a) and 2(b) show a case in which a bias 
voltage is not applied between th contact elec- 
trodes 2-1 and 2-2 and a case in which a bias 
voltage is applied between the contact electrodes 
2-1 and 2-2, respectively. Reference letters E1 and 
E 2 denote a ground level and a first excitation level 
in the conduction bands, respectively. The energy 
gap between these levels corresponds to 8.3 um in 



terms of the wavelength of photons. Most of the 
electrons thermally excited into the conduction 
band are in the ground level Ei in a state in which 
light is not incident on the multiquantum well 31. 

5 When light having a photon energy h* (£ E2 - Ei ) 
enters the multiquantum well 31, electrons in the 
ground level Ei are excited to the first excitation 
level E2 as indicated by arrow A. In a case where a 
bias voltage is applied between the contact elec- 

70 trodes 2-1 and 2-2, the electrons are moved in the 
conduction bands according to their polarity, as 
indicated by arrow C and detected as a photoelec- 
tric current (l p ). 

In contrast, in a case where a bias voltage is 

15 applied between the contact electrodes 2-1 and 2-2 
but light is not incident on the multiquantum well 
31, the electrons 7 in the ground level Ei, which 
pass the forbidden band of the barrier layer 3 due 
to a tunnel effect, as indicated by arrow B. This 

20 tunnel current is a dark current <l d ) which is ir- 
respective of whether light is incident upon the 
multiquantum well 31. 

Generally, a signal to noise ratio (S/N) of an 
infrared detector is one of the factors which deter- 

25 mine the sensitivity of the detector. A reduction of 
noise (N) is an important consideration for im- 
proved sensitivity. Noise in an electric current flow- 
ing through a semiconductor can be expressed as 
N = (2ql d ) 1/z (q:electric charges of electrons). 

30 Therefore, if the dark current (l d ) is decreased, the 
noise (N) can be decreased. In an ordinary infrared 
detector, particularly a detector for detecting far 
infrared rays whose response wavelength is 7 to 12 
um, the dark current decreases by cooling the 

35 detector to a low temperature. However, as de- 
scribed above, the dark current (l d ) of the infrared 
detector shown in Figs. 1 and 2 is not decreased 
even if the detector is cooled, because the current 
is a tunnel current which flows through the barrier 

40 layer 3. 

SUMMARY OF THE INVENTION 

An object of the present invention is to provide 

45 an infrared detector with low noise. 

Another object of the present invention is to 
provide an infrared detector which has high detec- 
tivity by reducing a dark current without reducing a 
photoelectric current. 

so A further object of the present invention is to 

decrease noise without a substantial increase in the 
dimensions of an infrared detector. 

The present invention pertains to an infrared 
detector having a multiquantum well, in which a 

55 tunnel current which causes a dark current is sup- 
pressed by increasing the thickness of at least one 
barrier layer which forms the multiquantum well. As 
a result, noise can be reduced without a decrease 
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in the photoelectric current or an increase in the 
dimensions of the detector. 

According to the present invention, there is 
provided an infrared detector having a pair of con- 
tact layers grown on a substrate and electrodes in 
contact with the contact layers in such a manner as 
to be connected to an external circuit, a plurality of 
well layers each composed of a first semiconductor 
having a band gap larger than the quantum energy 
of an infrared ray of a predetermined wavelength 
and a plurality of barrier layers each composed of 
a second semiconductor having a band gap larger 
than that of the first semiconductor, each one of 
said well and barrier layers being alternately grown 
between the pair of contact layers, and at least one 
layer of the barrier layers having a thickness larger 
than that of the remaining layers. 

The aforementioned and other objects, features 
and advantages- of the present invention will be- 
come clear when reference is made to the follow- 
ing description of the preferred embodiments of the 
present invention, together with reference to the 
accompanying drawings. 



BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a cross-sectional view which illustrates 
the construction of a conventional infrared de- 
tector using a multiquantum well; 
Fig. 2 is an energy band diagram of the mul- 
, tiquantum well in Fig. 1; Fig. 2(a) shows a state 
in which a bias voltage is not applied; and Fig 
2(b) shows a state in which a bias voltage is 
applied; 

Fig. 3 is a cross-sectional view which illustrates 
the construction of an infrared detector of the 
present invention; 

Fig. 4 is an energy band diagram of the mul- 
tiquantum well in Fig. 3; 

Fig. 5 is a graph which illustrates an effect of 
the decrease in a dark current according to the 
present invention; and 

Fig. 6 is a graph which illustrates comparison of 
the responsivity of the infrared detector of the 
present invention with that of the conventional 
infrared detector. 

DESCRIPTION OF THE PREF ERRED EMBODI- 
MENT 

Referring to Fig. 3, a contact layer 2-1. approxi- 
mately 1 am thick, composed of GaAs having an 
electron density of 2x10'*/cm3, is epitaxially grown 
on the surface of a semi-insulating GaAs substrate 
1 which shows (100) surface, and further a barrier 
layer 11. approximately 1 um thick, composed of 
non-doped AIGaAs is epitaxially grown thereon 
The growth of these layers may be performed by 



any one of the well-known molecule-beam epitaxy 
(MBE) process or a metal organic chemical vapor 
deposition (MOCVD) process. 

Next. 50 layers of a well layer 4. 40A thick 
s composed 0 f GaAs having an electron density of 
2x10'*/cm3. and 50 layers of a barrier layer 3 
300A thick, composed of non-doped AIGaAs. are 
alternately epitaxially grown, and a multiquantum 
well 31 is formed. The composition of the barrier 
10 k V Z, 3 J COntrol,ed to a composition represented 
oy Al 0 .3,Gao6 9 As according to the desired spectral 
sensitivity characteristics of the infrared detector 
when the peak of the sensitivity is positioned at for 
example. 8.3 um. The barrier layer 11 is controlled 
'5 o be the same composition as that of the barrier 
layer 3. Then, a contact layer 2-2. approximately 1 
7 th,ck ' composed of GaAs having an electron 
density of 2X10-W. is epitaxially grown. The 
growth of these layers may be performed by any 
20 one of either the MBE process or the MOCVD 
process. 

Next, the contact layer 2-2 and the multiquan- 
tum well 31 are mesa-etched, as shown, by lithog- 
raphy using a resist mask (not shown) and an 
25 etchant in which hydrofluoric acid (HF), H 2 Oz and 
H 2 0 are mixed at a volume ratio of 1:60:5000 
Furthermore, a part of the surface of the contact 
layer 2-1 is exposed by removing the end portion 
of the barrier layer 1 1 by an etching method similar 
30 to that described above. Thereafter, an electrode 6 
made of an Au-Ge alloy is formed on each of the 
surface of the contact layer 2-2 and the exposed 
surface of the contact layer 2-1 by using a well- 
known vacuum deposition and a liftoff method 
as Furthermore, heat treatment is performed, and the 
infrared detector of the present invention is com- 
pleted. In the above mesa etching, the barrier layer 
1 1 may be etched at the same time. 

Fig. 4 is an energy band diagram of a case in 
<° wh.ch a bias voltage is applied between the elec- 
trodes 6 of the infrared detector constructed as 
shown in Fig. 3. with, for example, the barrier layer 
11 being used as a positive polarity. A ground level 
and a first excitation level indicated by E, and E 2 
"S respectively, are formed in the well layer 4 The 
ground level E, is positioned higher than the upper 
end of the band gap of the semiconductor which 
forms the well layer 4 and lower than the upper 
end of the upper end of the band gap of the 
so semiconductor which forms the barrier layer 3 In 
contrast, the first excitation level E 2 is positioned 
higher than the upper end of the band gap of the 
semiconductor which forms th barrier layer 3 
These levels E, and E 2 are determined mainly by 
55 the thickness of a well layer (e.g.. the GaAs layer 
4) and by the difference between the energies of 
the bottoms of their conduction bands of the well 
layer and a barrier layer (e.g.. the AIGaAs layer 3) 
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Electrons in the ground level Et are excited to the 
first excitation level E2 by the irradiation of an 
infrared ray and move in the conduction band as 
indicated by the arrow C. Electrons which pass 
through the barrier layer 3 due to a tunnel effect 5 
move as indicated by the arrow B. Since these 
tunnel electrons are blocked by the thick barrier 
layer 11, the probability that they will reach the 
contact layer 2-1 decreases. Therefore, the dark 
current (l d ) due to the tunnel electrons are reduced. 10 
Since the photoelectric current (l p ) is carried by 
electrons which move in the conduction band as 
indicated by the arrow C, it is hardly affected by an 
increase in the thickness of the barrier layer 1 1 . 

Fig. 5 is a graph which illustrates an effect of is 
the decrease in a dark current according to the 
present invention, A bias voltage applied between 
the contact layers 2-1 and 2-2 is plotted in the 
horizontal axis, and the dark current (l d ) is plotted 
in the vertical axis. A curve 22 indicates the dark 20 
current characteristics of the infrared detector of 
the present invention. A curve 21, shown for com- 
parison, indicates the dark current characteristics of 
the conventional infrared detector constructed as 
shown in Fig. 1 in which the thick barrier layer 1 1 2s 
is not provided. It becomes evident that the dark 
current is reduced by three orders or more by 
making the thickness of one barrier layer 1 1 twice 
that of the other barrier layers, as shown in Fig. 5. 
In addition, it can be seen that since the curve is 30 
almost symmetric from left to right, the effect is the 
same when the barrier layer 11 is provided in 
either the contact layer 2-1 side or the contact 
layer 2-2 side. 

Fig. 6 is a graph which illustrates the respon- 35 
sivity of the infrared detector of the present inven- 
tion. A bias voltage applied between the contact 
layers 2-1 and 2-2 is plotted in the horizontal axis, 
and responsivity, i.e., the photoelectric current with 
respect to unit incidence energy (A/W) is plotted in 40 
the vertical axis. White circles relate to the char- 
acteristics of the detector of the present invention, 
and the blackened circles relate to the characteris- 
tics of the conventional detector, which are shown 
for comparison. The light source is a blackbody 45 
radiation of 500K. As shown in Fig. 6, it can be 
seen that the photoelectric current hardly changes 
even if the thick barrier layer 1 1 is provided. 

In the infrared detector of the present invention, 
as described above, the dark current (Id) resulting so 
from the tunnel electrons is reduced by making the 
barrier layer 11 thick. However, if all the barrier 
layers 3 are made thick, the following drawbacks 
arise: (i) the thickness of the multiquantum well 31 
increases, and the infrared detector becomes larg- 55 
er; and (ii) the lattice scattering and recombination 
probability for excited electrons which pass through 
the barrier layer 3 will increase, and therefore th 



photoelectric current (l p ) is reduced. From the re- 
sults of Figs. 5 and 6, it is sufficient that the 
thickness of one barrier layer be made large. It 
may be said that a conspicuous effect can be 
obtained when the size thereof is doubled. As 
described above, since the dark current character- 
istic curve hardly varies in response to the position 
of the barrier layer 1 1 , it is clear that a thick barrier 
layer may be provided at a desired position inside 
the multiquantum well 31. 

Although in the above-described embodiment a 
case in which the present invention is applied to an 
infrared detector having the multiquantum well 31 
formed from a GaAs layer and a AIGaAs layer is 
shown, needless to say, the present invention can 
be applied to infrared detectors using the 
photoconduction in a multiquantum well formed of 
a combination of other semiconductor layers. 

Many different embodiments of the present in- 
vention may be constructed without departing from 
the spirit and scope of the present invention. It 
should be understood that the present invention is 
not limited to the specific embodiment described in 
this specification. To the contrary, the present in- 
vention is intended to cover various modifications 
and equivalent arrangements included with the 
spirit and scope of the claims. The following claims 
are to be accorded a broad interpretation, so as to 
encompass all such modifications and equivalent 
structures and functions. What is claimed is: 

Claims 

1. An infrared detector, comprising: 

a pair of contact layers (2) which are laminated 
each other on a substrate 1 ; 

a plurality of well layers (4), each of which 
is formed of a first semiconductor having a 
band gap larger than the quantum energy of 
an infrared ray to be detected and which are 
grown between the pair of contact layers; 

a plurality of barrier layers (3), each of 
which is formed of a second semiconductor 
having a band gab larger than that of the first 
semiconductor, each being provided between 
adjacent two of the well layers (4), and at least 
one layer of them having a thickness larger 
than that of the remaining layers; and 

a pair of electrodes (6) which make an 
ohmic contact with each of the contact layers 
(2) which can be connected to an external 
circuit. 

2. An infrared detector according to claim 1, 
wherein each of the well layers (4) has a 
ground level higher than the upper end of the 
band gap of the first semiconductor which 
forms the well layers (4) and lower than the 



1 



7 EP 0 509 247 A2 



upper end of the band gap of the second 
semiconductor which forms the barrier layers 
(3). and has a first excitation level higher than 
the upper end of the band gap of the second 
semiconductor which forms the barrier layers 
(3). 
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FIG. 5 
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© An infrared detector utilizing photoconduction in 
a multiquantum well formed of GaAs layers and 
AIGaAs layers. The dark current of the infrared de- 
tector is reduced by three orders or more by making 
one of the AIGaAs layers which form barrier layers 
(3) thick approximately twice that of the other barrier 
layers (3). Since responsivity is not substantially 
affected by a thick barrier layer (3), an S/N ratio is 
increased by one order or more. 
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